POSTULATES OF QM -- Levine Ch 7.8, Atkins Ch. 5, R&S - Ch 2.

Much as in thermodynamics, one can establish a set of "laws" which we have called
"postulates” (since they have non-obvious physical relationship) and then derive all
QM properties from these

point -- value lies in how well they describe nature

if work > keep them, if fail > devise new theory

Postulate 1.

The state of a system is fully described by the wave function, @ (rq, rp, ... t)
--where r4, ro, ... are positional coordinates of each particle 1,2 ... and t is time.
"fully described" [0 all that we can know -- is anything we can measure.
Quality of @ (rq, ... t) as a function (Sch. rep.)

single valued --drawingl
continuous --drawing2
integrable square -- IUJELI dT =N
Since Y (rq, ... t) contains all info--could list quantum numbers-"code" values
Wape (r4,1r5...t) | a,b,c...>=state Dirac bra-ket notation <a,b..|..|ab..>
# of independent g.n. will reflect the dimensionality of problem
e.g. 3-D vector fct require 3 indep. fct O 3 quantum num.
Interpretation: qJE‘pra’de: probability in area dt

‘[LlJE,qua‘bdr =(a,bla,b) =1 system is in the state

Postulate 2.
To every physical observable there corresponds a linear, Hermitian operator.
For any classical observable convert to q.m. operator by:
[tonst — const,a*

Chosition, x — posn, X ®
E#ct.pos,f(x) - f(x)e
Cmomentum, px — —iA=
ex: energy: T = p2/2m , V=V(x), E= (const., conserved system)

these "operate" on wave function:

linear: é(cl(pl +Cy) = cléqol + czéqaz
This is necessary to probe the probe the properties of systems that one in mixed
states on in state representation by superposition of other wave functions

Hermitian (Levine 7.2) -- has to do with observables being real
quantum measurement has parallel to probability

t,UDLpdr - probability any value L//D&Lpdr — probability of measured quant



evaluation generally: (a) :It,UDEn/JdT
to guarantee real need: <o> = <i|ali> = <a>*
Hermitian more generally: [ frafdr :J’fj(afi)udr

in Dirac symbolism [ t%afdr =(ilalj) = (jlali). Hermitian

can even compress further as aj = <i |a| j> represent a matrix
these evaluate “probability” of system being in a state defined by f; and af

Eigen value equations_ (Levine 7.3) This is Levine Postulate 4

for every operator there will be a set of functions that fulfill eigen value equation
af; =af, where {fi} are set of eigen functions
Dirac notation: ali> =aj|i> aj -- eigen value is a constant

This set of functions will completely describe the space upon which the operator can
operate, so any wave function representing state of system can be expanded as
linear combination of set: -- or superposition of eigen functions.

n
Y =>cif {f} set of eigen functions
5

since set of f;, is complete, in Dirac set of |i> is basis for a general vector
Now gffectAof operator has changed
ay =a) ¢ifj = ciaf; = caf;
This is not an eigen value equation relationship since
> ciaif # const ¢
I

[the mixing of fi components to make up ¢ is now changed]
or ay =g where g is a new function/state
Degenerate eigen fcts: af =af and ag =ag
then f and g said to be degenerate (save eigen value)
but also any linear combination of f and g degenerate:
a(c,f +c,0)=ciaf +c,a9

= cqaf +c,ag
= a(c,f +c,0)

ex. - p orbitals any comb. still a p orbital in absence of magnetic field

ex: Schroedingereqn. HY =EY , H - total energy op., E - const. of motion

2
classical H=T +V = %, mu® + V(x) =2 + V(x)
1-D, single point (;225.;12 J,\/(X)),ui (x)= Ew,(x) or3-D (_% 0 +V(x,y,z)).U =Ey

Monday -- August 27
So how do we make measurements?

Postulate 3. (Postulate 3’ - Atkins) (deviates a bit from Levine) A
Where a system is in a state characterized by ¢ and ¢ is an eigen function of a

which is the operator representation of some observable, with an eigen value of a,



then measurement of that observable on a system will uniquely yield the eigen
value a, every time.

ay =ay - if the system is in a state Y, then every measurement of a yields a
ex. -- easiest example is energy. If a particle has a well-defined (conserved)
energy for state (;: Hyj; = E;i; each measurement yields E; or H||D: Eili0

Clearly if molecule in a superposition of states: ¢ = ZCiqq where ng =Eg@

i
Then measurement of energy would not be well defined -- no eigen value:
Hy =HZcqg = c,E@ #(const) Y

Postulate 4. (Post 3-Atkins, Post 5-Levine)

The result of measurement of any property, whose operator representation is a, on a
system in a state, ¥, the average value measure is given by the expectation value

(a) :Itpnm&tpndr =(njaln)  assuming ¢, normalized or {nln) =1
if {fi} = set of eigen functions of a, ¢, = Z¢;f;

= I(Zci f)a(zc f )dr = I(z(;i £)(Sca f)dr = Sca - <ili> = &; (f orthogonal)
or average value corresponding to a distribution over possible eigen values.
Difference from W being in an eigen state W = f; - (a) :IfiD&fidr = aiIfinidr = g;
All this easiest in Dirac notation
(ay=(ilali) =<i|i>a=a

:<W|&|lll> = ZCiDCjanlD = ZCiDCiai

3rd Post

What about time evolution?
Postulate 5 (Levine 6):

True dependence of a system (development of a state) is described by:
hap(x.t) _
—i 4 = HXDY(x.1)

H is the Hamiltonian, energy operator, which can depend on position and time
If H=H(x), i.e., is not dependent on time, variables can be separated, H¥Y = EW
technique -- if both sides equal a constant--solve independently
let W(x,t) =@x)@(t) + d|V|de through by W(x,t) =@ Xx)o()

GoX-%2om]=E © snHu()=E
solve t-depend fct: ¢(t) =e™"'" plug in W(x,t) = t)P(x) = exp(-Et/h)Y(x)



